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Abstract
Background: Azithromycin is one of the most common drugs used in the protocol of
treatment of pneumonia caused by COVID-19. But many researchers approved its
toxicity on heart tissue. VIT C is an available and strong antioxidant that has a
protective effect against many toxins and drugs. This study aimed to study the
cardiotoxic effect of Azithromycin and the possible protective effect of VIT.C against
it .

Materials: Thirty adult male rats were used in this study and were divided into 3
groups, the control group with no treatment. Azithromycin group; the rats were
treated with Azithromycin (30mg/kg) orally. VIT C group rats were orally treated
with the same dose of Azithromycin +VITC (20mg/kg), and drugs were administered
for 2 weeks. The results were examined with a light microscope (H & E, Masson,
caspase-3, and TNF-a).

Results: Azithromycin exerted significant deleterious effects on heat tissues in the
form of distortion of the normal shape, fragmentation of myocardial fibers, and
destruction of the cells. Additionally, collagen fibers increased in the azithromycin
group, and with immunohistochemistry, the tissues showed a positive reaction to the
antigens of caspase-3 and TNF-a. VIT.C ameliorated these detrimental effects.
Conclusion: Azithromycin drug-induced cardiotoxicity should be used in limited
cases. The toxic effects of azithromycin on the heart can be potentially reduced by
treatment with VIT.C.
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Introduction
Azithromycin is a widely and
effectively used macrolide antibiotic.
The macrolides such as erythromycin,
clarithromycin, azithromycin, and
telithromycin, are the most common
antibiotics used to treat infections
caused by gram-positive bacteria
(McMullan and Mostaghim, 2015).
Azithromycin has also
additional effects on host-defense
reactions and chronic human diseases
so it has a special interest in recent
years (Parnham et al., 2014).
Azithromycin can  decrease
virus entry into cells, also it can
improve immune response against
viruses by up-regulating the production
of type I and III interferons (especially
interferon-f and interferon-A) and
genes involved in virus recognition
such as MDAS and RIG-I. This is why,
it is the antibiotic of choice in response
to infectious agents potentially against
COVID-19 (Fohner et al., 2017).
Using azithromycin early in the
protocol of treatment significantly
improved clinical outcomes as the
length of stay or the need for
respiratory support during
hospitalization (Martin-Loeches et
al.,, 2013). While its clinical effects,
cardiovascular adverse effects
associated with azithromycin have
attracted attention such as prolonged
Q-T interval, malignant arrhythmia,
and sometimes sudden deaths due to
ventricular arrhythmia reported as a
result of its use (Ray et al., 2013). A
large  retrospective  cohort study
suggested an increase in cardiovascular
deaths in people is related to their
treatment with azithromycin compared
to other antibiotics (Ray et al., 2013).
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VIT. C is an essential nutrient
that cannot be synthesized by the body
and plays an important role in the
body's immune-modulating system
(Padhani et al., 2021). When the free
radicals in the human body increase
more than antioxidants, this is called
oxidative stress (Mc Gregor and
Biesalski,2006; Autifiet al., 2018 ; Li
et al., 2018).

VIT.C contains electrons that
protect the body from oxidant damage
generated through exposure to toxins
so it is considered a strong antioxidant.
The 3fiological functions of VIT.C are
based on its ability to reduce
equivalents for a  variety of
biochemical reactions. So VIT.C can
destroy free radicals and reduce
reactive oxygen species and reactive
nitrogen species (e.g., superoxide,
peroxynitrite, hydroxyl, peroxyl, and
nitroxide radicals) (Arrigoni and De
Tullio, 2002; Ergul et al., 2010;
Hemili, 2017).

Antioxidant effects of VIT. C
has been used as a factor in the
pathophysiology and histopathology of
various health disorders (Shireen et
al., 2018; Budin et al., 2011).
Additionally, VIT.C has a
cardioprotective effect as it can
ameliorate the altered oxidative stress
biomarkers (Abdel-Daim et al., 2015).
VIT. C also attenuated the caspase-3
expression suggesting anti-
inflammatory and antiapoptotic
cardioprotective mechanisms against
many  toxins or  drugs-induced
cardiotoxicity ( El-Shitany and El-
Desoky, 2016).

VIT.C has also a role in the
development and regulation of cancer
growth. So it is a potential anti-tumor
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factor against cancer cells and can also
slow tumor growth in animal models
(Vissers and Das, 2018). This study
aims to evaluate the  exact
cardiovascular effects of azithromycin
in rats by focusing on histopathological
changes and possible protective effects
of VIT. C.

Materials and Methods

1. Drugs: Azithromycin and VIT.C
were purchased from Nile Company
for pharmaceuticals, Egypt.

2. Animals: Thirty male albino rats
were used for the study, with an
average weight of 170-250 gm. They
were obtained from and housed in the
Animal House of Sohag Faculty of
Medicine, Egypt
considerations were

Animal ethical

completely

fulfilled according to the guidelines of
the Sohag University Committee for

Animal Care and Use with approval

certificate number 5-1-2022-1. They

were kept under an environmental
temperature of 23+ 1°C. They were fed

a standard pellet diet with free access

to water. After acclimatization for one-

week rats will be randomly divided
into three groups.

3. Experimental Design: Rats were

randomly divided into 3 equal groups

as follows:

e Group I (control group); 10 rats
received normal saline by oral
gavage

e Group II (azithromycin group):
They were treated with
azithromycin in a dose of 30mg/kg
orally daily for 2 weeks (Atli et al.,
2015).

e Group III (azithromycin +VIT C):
They were treated with
azithromycin as the previous group
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+VIT C (20 mg/kg ) orally daily

for 2 weeks (Swamy et al.,2011).

24 hours after end of the experiment,

rats were anesthetized, sacrificed, and

dissected. Samples from the left
ventricle of the heart were taken.

Histological studies

I. Light microscopic study:

e With Hematoxylin and Eosin
(H&E)( Bancroft & Gamble,
2002).

e Masson trichrome stains (MT) (
Chen et al., 2017).

II. Immunohistochemical staining:

Sections were boiled in 10 mm citrate

buffer (AP9003) at pH 6 for 10

minutes to retrieve antigen, then

incubated for 1h with the following
antibodies;

e (aspase-3 ( rabbit polyclonal
antibody, ab13847)for apoptosis (
purchased from Abcam, MA, USA)
(Mohamed & Kassem, 2018).

e Tumor necrosis factor- alpha
(TNF-a)( stained with avidin-biotin
peroxidase) (Hora et al.,
2005).

Sections were stained with Mayer's
hematoxylin stain (TA060-MH). A
positive reaction appeared as brown
discoloration. Citrate buffer, Ultra
vision detection system, and Mayer's
hematoxylin were purchased from Lab
visionThermo  Scientific, Fremont,
California, USA. Antibodies against
TNF-a  were  purchased  from
(Minneapolis, Minnesota, USA).
Morphometric and statistical study
-The following measures were taken:

e Area percent of collagen (Schipke
et al., 2017).

e Area

percent of  caspase-3

immunoreaction was measured

520



Abd El-Naeem et al (2022)

using an objective lens of x40

magnification (Mansour et al.,

2021).

10 non-overlapping fields for each
section were taken. This was done
using Image J software (version 1.51k,
Wayne Rasband, National Institutes of
Health, USA). From each variable, the
mean+ standard deviation of the
meanwas measured using SPSS
program version( 16).a post-hoc test
was used to find the statistical
difference between the groups when
ANOVA was statistically significant (P
value <0.05) (Eid et al., 2020).

Results

Histopathological Results

A) Control group

Histological examination showed the
appearance of cardiac muscle fibers
with regular striations. The cardiac
myocytes had normal architecture with
acidophilic cytoplasm and central oval
nuclei. They were arranged in bundles
with narrow spaces in between (Fig.1).
Using Masson trichomestain, showed
minimal collagen fibers between the
cardiac myocyte (Fig.4).

SVU-1JMS, 5(2):518-532

B) Azithromycin treated group
Examination of this group revealed
loss of cardiac muscle striation. with
distortion, and fragmentation of
myocardial fibers. Cells of myocardial
fibers showed vacuolated cytoplasm
and peripheral pyknotic nuclei. Areas
of intracellular bleeding also appeared
(Fig.2). In the Masson trichome stain,
there was a highly significant increase
in the area % of collagen fibers
(p=<0.002) (Fig.5).

C) Azithromycin and VIT. C treated

group:

This group showed restoration of the
near normal appearance of cardiac
muscle  fibers. Few  myocytes
represented degenerated nuclei with
vacuolated cytoplasm also some other
cells have small atrophic nuclei. Some
congested dilated blood vessels and
little cellular infiltration also appeared
(Fig.3). In the Masson trichome stain
of this treated group the collagen fibers

decreased with non-significant change
from the control(p=0.8) (Fig.6).

Fig.1. A photomicrograph of the left ventricle of a control rat showing a regular arrangement
of cardiac muscle fibers with acidophilic cytoplasm (arrows) and central oval vesicular nuclei
(irregular arrow) of cardiac myocytes. Myofibers are arranged in bundles with narrow

spaces in between (*) (H&E X400).
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Fig.2. A photomicrographic picture of the left ventricle of an azithromycin-treated rat
showing marked distortion, and fragmentation of cardiac muscle fiber where myofibers were
distorted ( ), area of little bleeding appeared (irregular arrow). Signs of myocardial
necrosis in the form of cytoplasmic vacuolation (arrow) and small atrophic pyknotic nuclei
(arrowhead). (H&E X400).

——

, b : A
Fig.3. A photomicrographic picture of the left ventricle of azithromycin and VIT. C treated

rat showing a restored arrangement of cardiac muscle fibers with narrow spaces in
between(stars). Few myocytes represent degenerated nuclei with vacuolated
cytoplasm(irregular arrow) some other cells have a small atrophic nucleus(arrowhead).
Some congested dilated blood vessels (arrows) and little cellular infiltration were observed
(curved arrow). (H&E X400).

$
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Fig4. A photorograph of the left ventricle of a control rat showing scanty colagen fibers

between fibers of cardiac muscles(arrows). Masson trichromex200
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Fig.5. A photomicrograph of the left ventricle of rats treated with Azithromycin showed a
marked increase in collagen fibers between the muscles (arrows) and congested blood vessels

(star).Masson trichrome x200.
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Fig.6. A phoorrﬁcrdgraph of the left ventricle of rats treated with Azithrmyci and V.C
showed few collagen fibers between the muscles(arrows).Masson trichromex200
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Immunohistochemistry significantly increased compared

A) Caspase-3: It appeared as a with the control (p< 004) (Fig. 8),
brownish coloration either in VIT.C and azithromycin, treated
cytoplasmic or nuclear. In the group, brown stain decreased
control group, minimal expression significantly (p<0.045) from the
of caspase-3 was seen (Fig.7), in previous group and became near
2nd group the expression (brown normal (p=0.4) (moderate
stain) of  caspase-3  highly expression) (Fig.9).

Fig.8. A hotornicrr of the left ventricle of sreated with zthromycin
showed more expression of caspase -3reaction(stars). ( x400).
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Fig.9. A photomicrograp of the left

ventricle

of rats treated with Aziocin and

T

VIT.C showed a weak caspase-3 reaction (stars). ( x400).

B) TNF-0: In the control group

negative  reaction was  seen

(Fig.10).While in the
azithromycin-treated group the
reaction was positiveeither

cytoplasmic or nuclear(Fig. 11)
and in the VIT.C and azithromycin-
treated group a week positive
reaction was observed (Fig.12).

Fig.10. A photomicrograph of the left ventricle of control rats showing a neative
reaction of TNF-o between the muscles. (x400)

3

Fig.11. A photomirograph of the left ventricle of fatg treated with Azithrom{cin

oY - i i di
o

showed a positive reaction of TNF-a(arrows). (x400)
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Fig.12. A photomicrograph of the left Ventﬁcle of rats treated with Kzithror;lycin and
VIT.C showed a negative reaction of TNF-a between the muscles. (x400)

Morphometric Results group(p<0.002), the 3™ group

A) Masson Area %: The mean area (VIT.C), there was a significant
percent of Masson trichome stain decrease in the mean collagen area
in the control group percent (17.11£2.88) than the
was16.34+2.24, and the mean previous group(p<0.02), while a
collagen area percent in the non-significant change from the
Azithromycin group was control group (p=0.8 ) (Tablel,
29.47£2.22  with a  highly Fig.13).

significant increase in the control
Table 1. Themean Area % of collagen fibers and caspase-3 expression in
different groups

Variables Control Azithromycin VIT.C
Masson Area% 16.34+2.24 29.47+42.22%* 17.11+£2.88
Caspase Area% 494 +0.98 14.06+2.48** 6.76+1.62

P> 0.05 (NS) — No significant difference.

P < 0.05 (*) — Significant difference.

P < 0.01 (**) — High significant difference.

P < 0.001 (***) — Very high significant difference.

35

30

25

20 H control

15 - __ mAzithromycin

10 - I VIT.C

5

O -
Area %of collagen

Fig.13. Mean Area% of collagen fibers in all groups
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B) Caspase Area%: The mean area
percent of caspase expression in
the control group was 4.94+0.98,
and the mean caspase expression
percent in Azithromycin group
was14.06+2.48, with a highly
significant increase in the control

SVU-LJIMS, 5(2):518-532

group (p<0.004), in 3™ group
VIT.C group, the mean caspase
expression percent was 6.76+1.62
with significant decrease than the
2" group(p< 0.04) but non-
significant change than the control
group(p=0.4) (Tablel, Fig. 14).

16

14

12

10

M control

O N b O
I

B Azithromycin

VIT.C

Caspase area %

Fig.14. Mean Area % of caspase expression in all groups

Discussion

Erythromycin is a macrolide drug that
is widely used as a broad-spectrum
antibiotic (Tsubouchi et al., 2017).
Azithromycin is a semi-synthetic 9-N-
methylation derivative of
erythromycin; it is recommended in the
United States as a drug of choice in
outpatient treatment or as part of
combination therapy in patients who
require hospitalization. Azithromycin
is used as a first-line treatment for
pneumonia for over 15 years (Wang et
al., 2018).

The protective effect of
azithromycin for the treatment of
SARS and Covid pneumonia was
approved by Parnham et al. (2014)
and Beigel et al. (2020) due to its
immunomodulatory activity. However,
Martin-Loeches et al. (2013)
approved the cardiotoxic effect of
azithromycin in humans.

In the present study, rats treated
with azithromycin showed
histopathological changes in the form
of loss of cardiac muscle striation and
distortion of the myocardial fiber. Cells
showed vacuolation of cytoplasm and
peripheral pyknotic nuclei and the
presence of an area of intracellular
bleeding. With the Masson trichome
stain, there was an increase in collagen
reaction. This may be due to increased
free-radical formation which induced
oxidative damage to cellular lipids,
proteins, and DNA (Pacher et al.,
2005).These findings agreed with that
of Atli et al., (2015); El-Shitany and
El-Desoky(2016); Mansour et al.,
(2021) who showed that treatment of
rats with azithromycin resulted in
marked atrophy of cardiac muscle
fibers with increased tissue spaces with
dilated damaged arteries. This means
that azithromycin-induced negative
effects on cardiac muscle due to
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disturbances in antioxidant/oxidant
balance and increase apoptosis in the
cells.

Using Masson’s  trichrome
staining show different degree of
cardiac fibrosis. This was in line with
Abd El-Kader (2019) who reported
more collagen fibers with the
azithromycin group. This could be
explained that increased free-radical
formation induced more fibrosis in
cardiac muscles.

In caspase-3, the azithromycin
group showed increased reaction
compared with the control group...
This finding was accepted by Agosto
et al., (2011); El-Shitany& El-Desoky
(2016) who detected that treatment of
rats with azithromycin resulted in
marked caspase-3 expression.)

In previous studies; more
expression of TNF-a appeared in the
azithromycin group compared with the
control group where AZ administration
increased the oxidative stress and
inflammatory response as signified by
increased plasma TNF-a. (Shin et
al.,2002 ; Cai et al., 2013).

In a cohort study of more than
7.8 million antibiotic exposures, there
was a statistically  significantly
increased relative and absolute risk of
cardiovascular death associated with
azithromycin (Jonathan et al., 2020).
On the other hand, some studies found
that azithromycin is safe for the heart,
Andreaniet al. (2010) and Beigel et
al. (2020) found that its use has been
related to a reduction of some factors
such as IL-12, TNF-a, and GM-CSF.
Other studies said that Azithromycin is
anti-inflammatory to the heart and it
can inhibit fibroblast proliferation, and
collagen production. (Al-Darraji et

SVU-LJIMS, 5(2):518-532

al., 2018; Deretic andTimmins,
2020).

VIT.C isone of the natural
cheap available nontoxic water-soluble
antioxidant trapping radicals and
protecting DNA, lipids, and proteins
from oxidative damage (Elsaid and
Khattab, 2018). In our study VIT. C
diminished most of the hazards done
by azithromycin and this was clear
with light microscopic examination
either with H and E stains or
immunohistochemical markers.

Magdyet al. (2016) reported
that VIT. C ameliorates
organophosphate pesticide-induced
damage in humans and animals. VIT.C
protected rats against most
azithromycin hazards by reducing
elevated IL-1 and TNF-a levels and
delayed the caspase-3 expression
which means an anti-inflammatory and
anti apoptotic cardioprotective effect
against cardiotoxicity induced by
azithromycin (Abdel-Daim et al.,
2015 ; Altuntas et al., 2004).
Conclusion
Azithromycin is a cardiotoxic drug that
should be used in limited cases. The
toxic effects of azithromycin on the
heart can be potentially reduced by the
administration of VIT. C. Using VIT.
C could be the best choice to avoid
cardiac toxicity caused by
azithromycin.
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